In spite of the popularity of wireless sensor networks (WSN), their application scenarios are still scanty. In this paper we apply the WSN paradigm to the entertainment area, and in particular to the domain of Paintball. This niche scenario poses challenges in terms of player localization and wireless sensor node lifetime. The main goal of localization in this context is to locate and track the player in order to facilitate his/her orientation, and to increase the level of safety. Long term operation could be achieved by adopting appropriate hardware components, such as storage elements, harvesting component, and a novel circuit solution. In this work we present a decentralized localization and tracking system for Paintball and describe the current status of the development of a self-powered module to be used between a wireless node and an energy harvesting component.
Introduction
A Wireless Sensor Network (WSN) is a distributed collection of nodes which are resource constrained and capable of operating with minimal user attendance. Wireless sensor nodes operate in a cooperative and distributed manner. However, there are application areas, such as the entertainment domain, where WSNs are still seldom applicable. In this paper we apply the concept of WSN in a Paintball application. Paintball is a sport in which players eliminate opponents from play by hitting them with paint. For a successful Paintball application we have to solve two important problems: player localization and long term operation of the wireless sensor node.
At present, players which are involved in Paintball use the Global Positioning System (GPS) [6] for orienting, walkie-talkie to communicate with each other or do not use these devices at all in case of short-term and bounded space scenario. However, providing each of e.g. hundred players with an individual GPS receiver is not always the preferred solution for cost reasons. Moreover, GPS itself is a power hungry component and needs at least four known satellites to be visible in order to find the coordinates of the receiver.
Over the years, many protocols [1] have been devised to enable the location discovery process in WSNs to be autonomous and able to function independently of GPS and other manual techniques. In all cases, the focal point of location discovery has been a set of special nodes known as beacons, which have been referred to by some researchers as anchor, locator, or seed nodes.
As for long term operation, it has always been the key issue in power supply design for wireless sensor nodes. Energy harvesting components, such as solar cells or piezoelectric converters, have to some extent solved the lifetime problem. However, the availability of heterogeneous WSN platforms has resulted in a problem of inflexibility: it is difficult to exploit a wireless sensor node and a harvesting component together. Basically, WSN platforms are being developed for particular cases [3, 5] or have already been integrated with a harvesting component [2] .
In this paper we propose a localization and tracking system solution that is an extension of the work based on the existing systems RADAR [26] and MoteTrack [25]. The proposed system does not rely upon any back-end server or network infrastructure. The location of each mobile node is computed using a received radio signal strength signature from numerous beacon nodes to a database of signatures that is replicated across the beacon nodes themselves.
To provide "perpetual" support of the hardware, we designed a mediator board between a wireless sensor node and a harvesting component. This board has a two-level energy storage buffer including two supercapacitors wired in series as a primary buffer and a li-ion battery with high capacitance as a secondary buffer. A novel circuit solution coupled with advanced electronic components is used to charge the supercapacitors and the li-ion battery safely to prolong their lifetime. Moreover, the board supports AC or DC based ambient power source that will make the entire WSN more flexible.
The paper is organized as follows: Section 2 will introduce a review of (a) recent localization systems, and (b) existing wireless sensor platforms with energy scavenging technology; Section 3 will present the main goals of the paper; Section 4 will describe the architecture of the self-powered module and the implemented selfpowered board, and finally, Section 5 will present the designed localization and tracking system with the experimental results.
Background
In this section we briefly review some of the existing and widely used location tracking systems, as well as wireless platforms with energy scavenging technology.
Localization Systems Overview
In Global Positioning System (GPS) [6], [13] , triangulation [26], [16] uses ranges to at least four known satellites to find the coordinates of the receiver, and the clock bias of the receiver. The triangulation procedure starts with an a priori estimated location that is later corrected towards the true location. Due to high power consumption, relative inaccuracy and indoor operation instability it is undesirable to use GPS in WSN. RADAR [26] is the first indoor localization system. It is based on empirical Received Signal Strength Indication (RSSI) measurements as well as a simple yet effective signal propagation model. RADAR uses a standard 802.11 network adapter to measure signal strength values with respect to the base stations that are within range
